Body size is a key factor in dictating the fate of interaction between an organism and 19 its surrounding environment. A negative temperature-size relationship (TSR) has been 20 suggested as one of the universal responses to climatic warming. It is also predicted that 21 groups with narrow latitudinal range, tropical affinity and higher body size, would show 22 higher sensitivity to climatic fluctuation. Moreover, because of the difference in thermal 23 sensitivity, it is also expected that the response to climatic fluctuation would be different 24 between epifaunal and infaunal groups. To confirm the generality of these relationship 25 among marine families, we compiled the relationship between body-size and global 26 temperature trends over Cenozoic using a database of marine benthic molluscs of class 27 gastropoda and bivalvia resolved to temporal stages. We evaluated the dependence of 28 climate induced body-size response to the existing size and latitudinal spread via correlating 29 the first-difference correlation coefficient of temperature-size (ρ 1st (size-temp) ) with maximum 30 size and latitudinal spread of family respectively. Cenozoic record of this highly diverse 31 group does not show any signature of TSR for molluscan class or for any other regional, 32 ecological groups during the past 66My long climatic fluctuation. We did not find any 33 evidence supporting heightened response to climatic fluctuation in groups with limited 34 latitudinal spread or with large body-size. The tropical species did not show significant 35 difference in their body-size response in comparison to temperate species. It also shows lack 36 of any difference in response between ecological groups of molluscs with varying substrate 37 relationship and hence, refutes the predicted variation due to difference in thermal 38 specialization. Although a negative correlation between maximum latitudinal spread and ρ 1st 39 (size-temp) is observed for infaunal families, it is not statistically significant. Our results 40 highlight the limited validity of "universal rules" in explaining the climate induced 41 morphological response of marine communities in deep time and underscores the 42 complexity in generalizing the biotic outcome of future climatic fluctuation. 43 44 Introduction 45 Body size of an organism has long been considered as one of the most important 46 biological parameters because it is related to various physiological, life-history and 47 ecological traits influencing community structure and functioning of ecosystem [1-7].
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marine groups and evaluate the pattern of body size change during geologic intervals with 92 marked climatic shifts. Molluscan group fits the description perfectly because they have 93 high preservation potential and experiences different levels of temperature fluctuation 94 depending on their lifemode [28] [29] [30] . Cenozoic marks a time period with numerous 95 paleoclimatic fluctuations that have been reconstructed with well constrained data [31] ; 96 moreover, Cenozoic fossil record is more complete [32] compared to the earlier periods. 97 Therefore, Cenozoic molluscan fossil record gives the ideal scenario to test the following 98 hypotheses:
The existence of a negative TSR for molluscan body size during last 66Ma. time bin contained the occurrence data of species along with location, size and number of 125 specimens used for measurements. A total of 15,554 individuals were used for the size 126 measurements (S1 Table) . We considered the greatest dimension (length or width) as a 127 proxy of size. For each species, we extracted size information along with the specific 128 latitude where they have been recorded in a particular time bin. This size is the geometric 129 mean of measurements of multiple specimens belonging to a single species in a specific 130 time bin. The size data is then log transformed (base 10) for all subsequent analyses. 
Results
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The congruence between body size and temperature is observable only for raw data 176 (ρ= -0.01; P= 0.02) ( Fig 1) when body size and temperature estimates are both binned by 177 geological stages; however, this relationship is not found in the detrended data, corrected 178 for autocorrelation by first differencing (ρ= 0.18; P= 0.48) (Fig 2A) , implying a lack of size-179 reduction due to climatic warming during Cenozoic. This lack of temperature-size 180 relationship holds true in a wide range of data treatments, such as considering different 181 measures of size (maximum, minimum) ( Fig 2B-C , Table 1 ). 197 The significance is set at a value determined by False discovery rate procedure. 198 199 No correlation is observed between maximum body-size and ρ 1st (size-temp) i.e. the 200 coefficient of correlation between 1 st difference of maximum body-size vs temperature for 201 overall data, bivalves or gastropods (Fig 3) . Same is true for latitudinal spread and ρ 1st (size-202 temp) (Fig 4) (Table 2) The significance is set at a value determined by False discovery rate procedure. There is no significant difference in the body size response to temperature between 222 tropical and temperate species ( Fig 5, Recent studies also point to a serious lack of comprehensive studies on marine ectotherms. scenario that has already been established for the evolutionary patterns for this group [45] .
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More importantly, it would be hard to imagine a causal mechanism that would selectively 286 remove a particular size class from a specific time bin, especially within a relatively narrow 287 range of size spectrum (two orders of magnitude).
288
The second possibility is that the expectation of a species level TSR for marine 289 molluscs is not valid. habitats. In the ocean, however, nutrient distribution and productivity is controlled by a 378 combination of global and regional factors. Moreover, specific marine provinces are 379 characterized by different combinations of temperature and productivity [74, 75] . Hence, mean annual values in productivity, but one that is not linearly related to latitude [76] . In 386 spite of such regional variations, solar radiation is the primary controlling factor in making 387 the surface water warmer and less dense than deeper waters. Such stratification is highest in 388 the tropical shelves with the greatest density difference between surface and deeper waters.
389
This stratification promotes stability within the shallow water column, inhibiting vertical 390 water motion and tending to stabilize productivity in the euphotic zone [77] . We showed that generalized body size reduction to climatic warming may not have 
